Background: Computerized photogrammetry has become a promising aspect for respiratory analysis, being a technology of low cost, good reproducibility and accuracy, compatible with the Brazilian public health situation. Objectives: To verify the applicability of the computerized photogrammetry method for analysis of thoracoabdominal mobility in the elderly. Methods: This is a methodological study, performed with 16 elderly women from Santa Cruz, RN, Brazil. Morphofunctional evaluation of body mass, stature, body mass index and thoracoabdominal mobility were performed through the computerized photogrammetry, whose technique was based on the capture of images at the maximum ventilation moments (maximal inspiration and expiration followed by apnea) of the elderly. For the delimitation of the thoracic wall were used 20mm diameter markers positioned at specific anatomical points, and the images were treated through the irregular quadrilaterals system in the AutoCAD 2007 Software. Results: Using computerized photogrammetry was possible to identify areas of compartments and sub-compartments of the thoracic wall with higher values at the inspiratory moment when compared to the expiratory moment, and with a greater contribution of the thoracic compartment in the pulmonary ventilation process of the elderly at the inspiratory moment. In addition, in the studied sample there was a higher prevalence of overweight elderly women (56%). Computerized photogrammetry was sensitive to the nutritional status of these elderly women, presenting areas of the abdominal compartment and sub-compartments with values higher than those presented by the elderly women with low weight. Conclusions: Computerized photogrammetry proved to be an effective and reliable technique for the thoracoabdominal mobility analysis of elderly women.
INTRODUCTION
Population aging is a worldwide phenomenon that has demanded special attention from researchers, civil society and governments in view of the health needs of this population and spending in the health and social sector (1) (2) (3) . Brazil has one of the highest growth rates of the world's elderly population, and it is necessary to adopt public policies that promote better health and quality of life for the elderly (1, 3) . The aging process is physiologically accompanied by changes observed in all systems of the organism (1) . The respiratory system is considered the system that ages faster because of its exposure to external factors (2) . Over the years there will be changes in the morphology of all structures involved in the breathing process, and chest wall modifications are the ones that most compromise the respiratory biomechanics of the elderly (4, 5) . The changes that occur in the chest wall throughout the biological aging process culminate in the loss of the elasticity of the thorax and consequently in the senile lung resulting from calcification of the costal and sternal joints, flattening of the vertebrae and reduction of intervertebral discs (2, 4, 5) . Such alterations promote changes in posture and respiratory effort of the elderly, as well as reduce the capacity of chest expansion and decrease pulmonary complacency (6, 7) .
The morphofunctional set formed by the surface and kinematics of the thoracic cavity and the abdomen presents an important relation with breathing and alveolar ventilation (8) . Thus, noninvasive monitoring, with emphasis on chest wall evaluation, has acquired relevance in physiological processes present in the most diverse age groups, including the elderly (9) . Several surface methods, ruled by different physical principles, have presented good reproducibility and accuracy in clinical practice, such as cirtometry and plethysmography by inductance (9) , magnetometry (10) and computerized photogrammetry (11) . However, efforts still need to be made to provide technologies of low cost, good reproducibility and accuracy in pneumology capable of allowing an objective evaluation compatible with Brazilian public health, especially in MTP&RehabJournal 2018, 16: 565 geriatrics, which respiratory monitoring is still scarce and with high cost. In this sense, computerized photogrammetry has become a promising aspect for respiratory analysis, presenting low cost and good reproducibility (12) . This instrument has been used in the determination of the chest type and calculation of the diaphragmatic index (13, 14) , in Charpy angle analysis (15) , in measurement of thoracoabdominal compartments (16) , as well as in prediction of the postural changes influence due to the aging process and respiratory dysfunctions (1) . Thus, the objective of the present study is to evaluate the applicability of the computerized photogrammetry method for analysis of thoracoabdominal mobility in the elderly.
METHODS
It is a pilot study, conducted between May and July 2013, with 16 elderly women practicing physical activity of the ACORDI (Body Activities Awakening the Elderly: Multidisciplinary Education in Search of a Citizen's Old Age) project of Santa Cruz (RN), Brazil, approved by the Research Ethics Committee of the Universidade Federal do Rio Grande do Norte (UFRN) with protocol number 262.696. The study included women with 60 years or older, who were in the elderly group for at least one year and practiced physical activities at least twice a week, and who consented to participate in the study signing the Informed Consent Form. The elderly who presented severe thoracic deformities and/or who underwent recent thoracic surgery, as well as underwent medical treatment for respiratory diseases were excluded from the study. Initially, it was used a structured questionnaire, consisting of personal data, current and past medical history (respiratory and/or cardiovascular diseases), current respiratory symptoms (dyspnea, cough, expectoration, among others) and elderly lifestyles (smoking, alcoholism). It was performed a morphofunctional evaluation of the following variables: body mass (BM), height, body mass index (BMI), and thoracoabdominal mobility. The BM was measured by the electronic balance Welmy W200/100A (Welmy Balanças, Santa Bárbara D'Oeste -SP, Brazil) with precision of 100g. The procedure was performed with the elderly woman barefoot, wearing light clothing (top and knit trousers). The stature was measured by a stadiometer, with the elderly in an orthostatic position and barefoot, at the end of maximum inspiration (17) . The BMI was calculated by BM and the square of height (kg/m 2 ) and classified in low weight, eutrophic and overweight (18) . The thoracoabdominal mobility was evaluated through computerized photogrammetry. For the collection of the images was used a digital camera Casio Exilim Exz75 (Casio Computer Co., Ltd. Shibuya, Tóquio, Japan), 7.2 mega pixels, positioned at a distance of 2.5 meters from the participant in a tripod with an height of 1 meter, as recommended by Junior et al. (19) . A symmetograph was used as background of the images, which worked as a calibrator of the photos for the evaluator. At the moment of the photographs, the elderly woman remained standing in the neutral position, with an angle of 30º and a distance of two centimeters between her heels, in addition to wearing clothes that allowed maximum exposure of the thoracic and abdominal region (19) , as illustrated in Figure. The delimitation of the chest wall of each participant was performed using spherical markers with 20 mm in diameter and the flat face in contact with the skin of the elderly, distributed in the following anatomical points predetermined in the BAMER method, as shown in Figure 2 : (1) acromioclavicular joints; (2) xiphoid appendix; (2a) lateral aspect of the xiphoid appendix; (3) costal arch of the twelfth rib; (4a) level of the umbilical scar, projected laterally; e (5) anterior-superior iliac spines (12) .
Each participant was instructed to perform respiratory maneuvers starting from residual volume (RV) to total lung capacity (TLC), followed by apnea moments of three seconds after maximal inspiration and expiration. The photographs were captured after this instruction and for each condition an image was collected for left lateral view and one for right lateral view. The images collected were analyzed in the AutoCAD Map 3D 2007 (https://knowledge.autodesk.com/ support/autocad-map-3d) free trial software, in which the extension of the thoracic cavity was delimited, superiorly, from the acromioclavicular joint, and inferiorly, to the anterior superior iliac spine; and divided in thoracic (TX) and abdominal (AB) compartments at the costal arch of the twelfth rib. These compartments were again divided allowing the origin of the upper (UT) and lower (LT) thoracic subcomponents at the level of lateral projection of the xiphoid appendix and the upper (US) and lower (LS) subcomponents at the level of lateral projection of the umbilical scar (12) . The measure of respiratory expansion was then expressed by the lateral area of each compartment in cm 2 , and calculated by the irregular quadrilaterals model (12) . The obtained data were submitted to statistical treatment in the Software Package for the Social Sciences (SPSS), IBM Modeler Administration Console version 20.0 (Chicago, SPSS Inc.). Compartment and sub-compartment data were expressed as means and standard deviation, as well as percentiles. The correlation between the coefficients of expansion of the different compartments and sub-compartments was calculated by Pearson's correlation and the areas for the different measures at the inspiratory and expiratory moments were compared between the three classification groups of BMI using ANOVA, and in both cases, it was considered significant when p <0.05 and it was considered as a null hypothesis when there was no difference between the expandability of the different compartments and sub-compartments.
RESULTS
The sample was composed of 16 elderly women with a mean age of 68 ± 1.46 years, BMI of 60 ± 3.7 kg, height of 1.52 ± 0.002m and mean BMI of 27.56 ± 0.95 kg/m 2 . In relation to the frequency of distribution and stratification of BMI, a prevalence of overweight elderly women was found, approximately 56% (n= 9), followed by eutrophic elderly with 37.5% (n= 6) and only one elderly with low weight (6.3%). For each participant, four photographic records were made, two for each lateral view, corresponding to the moments of inspiration and maximum expiration, totaling 64 photographic records. In each image, the thoracic wall (TW) was divided into two compartments and four sub-compartments ( Figure 3) , resulting in the final calculation of 448 areas. Table 1 shows the mean values and the distribution in percentiles of the results of the areas obtained in each compartment and sub-compartments from the division of the TW, showing that for all compartments and sub-compartments the values of the areas found were superior in the maneuvers of maximum inspiration when compared to maximum expiration.
To evaluate the thoracoabdominal expansibility of elderly was used the expansibility coefficient, obtained by the difference between the area found at the maximum inspiration moment and the area of the expiration moment for each compartment or sub-compartment. From these coefficients, it was investigated the correlation between the measurements of compartments and sub-compartment areas, being a positive correlation between LT with TX and TW, UA with AB and TW, as well as between LA with AB. The UT sub-compartment did not show statistically significant correlation with TX and TW, as can be seen in Table 2 .
When analyzing the behavior of compartments and sub-compartment areas in relation to BMI classification, statistically significant differences were observed between the low weight (LW), eutrophic (EU) and overweight (OW) groups to the TW, AB compartment and UA and LA sub-compartments, as shown in Table 3 .
DISCUSSION
The results of the present study show that in all compartments and sub-compartments, originating from the TW division, the areas calculated at the inspiratory moment were quantitatively larger than those found at the expiratory moment, and areas of the thoracic compartment (TX) with values greater than the areas of the abdominal compartment (AB). The analysis of the mechanics and kinematics of the thoracoabdominal structures during the respiratory movements is directly related to the displaced lung volumes during the inspiration and expiration processes (23) . The TW consists of incompressible tissues, which leads to displacement of thoracic and abdominal surfaces when occurs any changes in lung volume (15) . Thus, the mobility of such structures allows the determination of non-invasive volumetric estimates, and there is no need for the use of airway connection devices. The present study corroborated with this based on the results obtained with the application of computerized photogrammetry to analyze the TW mobility of elderly during respiratory events. A similar result to the study of Ripka, Ulbricht and Gewehr (11) , which used a similar 
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MTP&RehabJournal 2018, 16: 565 methodology, found that the mean values of compartments and sub-compartment areas were higher in the inspiratory moment, as well as for the thoracic compartments, with a mean of 624.05 ± 166.51 cm 2 for subjects of both sexes with 14 to 17 years. The difference observed in relation to mean and standard deviation values between the two studies is justified by the significant difference between the populations studied regarding age, sex, height and BM, indicating the possibility of detection of areas mean values for each age group.
The results of the present study can also be compared to the findings of Ricieri and Filho (12) , when they proposed to evaluate the respiratory mechanics of healthy adults in pre and post physical exercise situations through computerized photogrammetry, showing that this method was able to evaluate two-dimensional thoracoabdominal respiratory movement. Another study also developed by Ricieri and Filho (16) with asthmatic children showed the effectiveness of the photogrammetric method in differentiating the variations of the thoracoabdominal contour during the execution of isovolume maneuvers, however, this work differs from the present study because there is an adaptation of the geometric model to the lying position of the evaluated one, as well as the use of respiratory maneuvers of abdominal and thoracic isovolume, allowing the analysis of TW movement just in respiration.
Computerized photogrammetry applies the cystometric concepts associated with plethysmography points in order to quantitatively assess thoracoabdominal mobility, and it is possible to compare the results of both methods (11) . Studies that use the inductance plethysmography method (25, 26) showed that the elderly present a greater thoracoabdominal asynchrony when compared to young adults, which may be due to the morphofunctional changes that occur with the senescence process (25) . During the respiratory movements, the chest and abdomen move independently, and the displacement of the thoracoabdominal surface is directly related to the variation of lung volume (16) . In this way, the subdivisions of TW performed in the study allowed the detailed analysis of the contribution of each area to the total lung volume during respiratory maneuvers (27) , there is a correlation between the sub-compartment and the compartment of which it is part, as well as with TW. This event was verified in all sub-compartments, except for UT, which had no correlation with TX, nor with TW. However, the results evidenced a significantly greater contribution of the TX compartment to the total volume when compared to the AB compartment. The study of Loula (26) with young subjects of both sexes present results similar to those found in this study, showing a greater participation of the thorax to the pulmonary volume during the maneuvers of maximum ventilation. The negative values of the coefficients of expansion exhibited in the study show the occurrence of phase inversion, corroborating with Loula (26) , which exposes an inversely proportional relationship between the TW total area and the sub-compartment area, so that while the TW area or compartment increases, the sub-compartment area decreases, thus contributing negatively to the total value. Changes in BMI can affect the mobility of the chest and abdomen, interfering with the lung function of subjects even when their lungs are healthy. Increased BMI promotes a reduction in lung and chest wall compliance, resulting in a decrease in the extrapulmonary structures distensibility, due to the adipose tissue in abdominal and thoracic regions (28) . Thus, computerized photogrammetry would be an instrument capable of quantitatively identifying such changes in the respiratory mechanics of overweight or obese subjects. However, no studies are found in the literature that use computerized photogrammetry for this purpose. The present study shows that the elderly of the sample classified as overweight presented areas of the TW compartments and sub-compartments greater in relation to the areas calculated for the eutrophic and low weight participants, being a statistically significant difference for the AB compartment and AU and LA sub-compartments in the inspiratory and expiratory moments. This fact can be justified by the accumulation of adipose tissue in the abdominal region and is not related to a possible increase in the distensibility of such extrapulmonary structures in respiratory movements (28) . Therefore, computerized photogrammetry was an instrument capable of predicting, through non-invasive analysis of the thoracoabdominal surface, the repercussions of BMI on the respiratory mechanics of the elderly women who composed the sample. The number composing the study sample is a limiting factor, mainly in relation to the repercussions of BMI on the mobility of the thoracoabdominal structures of the evaluated elderly women, and it is necessary to carry out new studies with more numerous samples that can evidence the effectiveness of the computerized photogrammetry for such analysis. The findings corroborate other evidence available in the literature that report computerized photogrammetry as a low-cost technique with good precision in the respiratory area, presenting easy photointerpretation and the ability to archive the records, which justifies its increasing use (29, 30) . Some limitations of the method may influence its accuracy. In the sample studied, some difficulties were mainly related to the use of appropriate clothing for the upper chest region, considering that the breast volume may make it difficult to visualize the surface boundaries used to delimit the TW in the photointerpretation phase, and may interfere, especially, in the determination of the thoracic compartments areas. In addition, the understanding of respiratory maneuvers and their satisfactory execution is of paramount importance for the method reliability.
